Abstract. Psoriasis is a chronic, autoimmune skin disease affecting approximately 2% of the world's population. Clobetasol propionate which is a superpotent topical corticosteroid is widely used for topical treatment of psoriasis. Conventional dosage forms like creams and ointments are commonly prefered for the therapy. The purpose of this study was to develop a new topical delivery system in order to provide the prolonged release of clobetasol propionate and to reduce systemic absorption and side effects of the drug. Clobetasol propionate loaded-poly(D,L-lactic-co-glycolic acid) (PLGA) microspheres were prepared by oil-in-water emulsion-solvent evaporation technique. Particle size analysis, morphological characterization, DSC and XRD analyses and in vitro drug release studies were performed on the microparticle formulations. Emulgel formulations were prepared as an alternative for topical delivery of clobetasol propionate. In vitro drug release studies were carried out from the emulgel formulations containing pure drug and drug-loaded microspheres. In addition, the same studies were performed to determine the drug release from the commercial cream product of clobetasol propionate. The release of clobetasol propionate from the emulgel formulations was significantly higher than the commercial product. In addition, the encapsulation of clobetasol propionate in the PLGA microspheres significantly delayed the drug release from the emulgel formulation. As a result, the decrease in the side effects of clobetasol propionate by the formulation containing PLGA microspheres is expected.
INTRODUCTION
Psoriasis is a relatively common skin disease that affects approximately 2% of the world's population. It is a chronic and T-cell-mediated autoimmune disorder with hyperproliferation of the epidermis and inflammatory reactions of the dermis and epidermis (1, 2) . The treatment of psoriasis varies depending on disease severity and spread. However, topical medications remain the mainstay of psoriasis treatment for most patients. As seen in the literature, topical corticosteroids and particularly super potent ones are the most widely prescribed medications for the topical treatment of psoriasis for decades in the world (3, 4) . They are available in numerous vehicles including powders, sprays, lotions, solutions, creams, emollient creams, ointments, gels and medicated tapes (3) . Although serious cutaneous and systemic side effects of the corticosteroids have limited their use, they are still among the most effective treatments.
Clobetasol propionate is one of the most potent glucocorticoid for topical use and offers effective and rapid healing of psoriatic lesions (5, 6) . However, incidences of unfavourable side effects are greater than those of related compounds (7) . Recently, some studies have been carried out on drug delivery systems as an alternative to the conventional dosage forms. Drug delivery systems such as solid lipid nanoparticles (8) , lipid microspheres (9) , nanostructured lipid carriers (10) and lecithin/chitosan nanoparticles (11) containing clobetasol propionate were developed and evaluated.
Microparticulate drug delivery systems have been extensively used for oral and parenteral administration and could also be useful to deliver several drugs into the skin. However, there are few researches about dermal application of microparticles. Microparticulate systems provide the possibility to exert an effect over a prolonged period of time and to reduce systemic absorption and toxic side effects (12, 13) .
Microparticles prepared with synthetic biodegradable and biocompatible polymers such as poly(D,L-lactic-coglycolic acid) (PLGA) have been increasingly used as drug delivery system, since they do not have most of the problems associated with the natural polymers such as higher cost and questionable purity (14) . Several drugs such as paclitaxel (15) , retinoic acid (16) , flurbiprofen sodium (17) and ganciclovir (18) were successfully encapsulated into PLGA microparticles for several purposes. It has been also shown that PLGA microparticles could be used to deliver acyclovir into the basal epidermis (19) . Similar results were obtained in some studies which were carried out with different drugs for topical delivery, such as cidofovir (20) and urea (13) .
The aim of this study was to develop a topical drug delivery system in order to provide the prolonged release of clobetasol propionate, minimize the systemic drug absorption and reduce the possible side effects of the drug. For this purpose, PLGA microspheres loaded with clobetasol propionate were prepared and characterized. The effects of different PLGA types, homogenization speeds and times, drug/ polymer ratios and polyvinyl alcohol (PVA) concentrations on the characteristics of the microspheres were evaluated. Selected microsphere formulation and pure drug were formulated in an emulgel base. Emulgels contain an oil phase at low percentage in a gel-type vehicle and they have similar characteristics to the lipoprotein structure of the skin. By this way, increase in the permeability of the drugs can be provided. Additionally, emulgels are more easily spreadable bases for the wide surfaces like psoriatic lesions compared to cream or ointment formulations. Release profiles of clobetasol propionate from emulgel formulations were compared with commercial product of the drug.
MATERIALS AND METHODS

Materials
Clobetasol propionate was kindly provided by Sandoz Drug Company (Kocaeli, Turkey). PLGA 50:50 (Mw, 40,000-75,000) and PLGA 75:25 (Mw, 66,000-107,000) were purchased from Sigma (St. Louis, USA); PLGA 50:50 (Mw, 5,000-15,000) and PLGA 85:15 (Mw, 50,000-75,000) were purchased from Aldrich (Steinheim, Germany). Polyvinyl alcohol (PVA) (Mw, 30,000-70,000) was obtained from Sigma-Aldrich (St. Louis, USA). Methanol (high-performance liquid chromatography (HPLC) grade), dichloromethane and ethanol were purchased from Merck (Darmstadt, Germany). All other chemicals were of analytical reagent grade and MilliQ water was used in the experiments. Commercial cream product containing 0.05% clobetasol propionate was also used.
Preparation of PLGA Microspheres
Clobetasol propionate-loaded PLGA microspheres were prepared by oil-in-water (o/w) emulsion-solvent evaporation technique. The method of Ga De Jalón et al. (19) was modified in the study. The codes and composition of the microsphere formulations and the respective homogenization conditions are shown in Table I . Briefly, clobetasol propionate was dissolved in the solution of polymer in dichloromethane, the organic phase obtained was added to aqueous PVA solution and homogenised using UltraTurrax T25 Homogenizer® (Ika, Germany). This mixture was stirred using a propeller type mechanical stirrer (Stir-Pak, ColeParmer Ins., USA) at 25°C for 4 h to evaporate the organic solvent. Microspheres were collected by centrifugation at 5,000 rpm for 20 min, washed three times with ultra-purified water and liyophilized for 48 h. The reduced pressure value and the condenser temperature were 0.018 mbar and −90°C, respectively, during the liyophilization process. The effect of different PLGA types (F1-F4-coded formulations), homogenization times (F3-, F5-coded formulations), homogenization speeds (F3-, F6-and F7-, F8-coded formulations), drug/ polymer ratios (F3-, F8-and F6-, F7-coded formulations) and PVA concentrations (F8-F12-coded formulations) on the characteristics of microspheres were investigated.
HPLC Analysis
HPLC analyses were carried out according to the method that has been previously applied by Hu et al. (10) . Determination of clobetasol propionate was performed using an HPLC system consisting of an Agilent 1,100 model G1311A pump and Agilent 1,100 model G1315B diode array detector (Agilent Tech, Germany). Separation was carried out using a NovaPak® C18 (4 μm, 150×3.9 mm) (Waters, Ireland) column operating at 25°C. HPLC analyses were performed by isocratic elution at a flow rate of 1.0 ml/ min. The mobile phase composition was methanol:water (74:26v/v). All solvents were degassed in an ultrasonic bath before use. The samples prepared with methanol were analysed at 240 nm and samples dissolved in phosphatebuffered saline (PBS) pH 7.4:ethanol (70:30) at 242 nm. An aliquot of 20 μl of each sample were injected into the system. The retention time for clobetasol propionate was observed as 3 min. The peak areas were integrated automatically by computer using a software programme (HPCORE ChemStation, Agilent Tech, Germany).
The analytical validation of the HPLC method was performed. The linearity, accuracy, precision and limit of detection-limit of quantification (LOD-LOQ) values of the method were calculated and evaluated. 
Drug Loading and Encapsulation Efficiency
Ten miligrams of microspheres were dissolved in 2 ml of dichloromethane and then the volume was completed to 50 ml with methanol to precipitate the polymer. The solution was centrifuged at 15,000 rpm for 15 min. The supernatant was then collected and analysed by HPLC. The drug loading and the encapsulation efficiency values for all microsphere formulations were calculated according to the equations given below.
Drug loading %
ð Þ ¼ Amount of drug in microspheres Amount of microspheres Â 100
Particle Size Analysis
The mean particle size and size distribution of the microspheres were determined using low-angle laser light diffraction equipment (Sympatec HELOS H0728, Germany). For this purpose, approximately 10 mg of microspheres were suspended in an aqueous solution of 0.1% concentrated Tween® 80 using probe sonicator for 10 min before measurement.
Morphological Characterization
The shape and surface morphology of the microspheres were examined using a scanning electron microscope (SEM) (Jeol JSM-6,400, Japan). The microspheres were dusted on an adhesive carbon tape and coated with a gold layer at 250Å. Samples were then imaged at a voltage of 10 kV.
Differential Scanning Calorimetry
Thermal analysis of clobetasol propionate, PLGA 50:50 (Mw,40,000-75,000), drug-loaded and blank microspheres were carried out using a differential scanning calorimeter (DSC) (Shimadzu DSC-60, Japan). The calibration of the heat flow scale was performed. 5 mg of samples were placed in hermetically sealed aluminium pans. The temperature range tested was 5-325°C. Samples were heated at 10°C/min under a nitrogen atmosphere at a flow rate of 40 ml/min.
Powder X-ray Diffractometry X-ray diffraction patterns of the drug, polymer, drugloaded and blank microspheres were recorded on a Rigaku D/ Max-2,200/PC, Japan using Cu-Kα radiation, 46-kV voltage and 36-mA current for a 2θ diffraction angle with a range of 5-70°.
Preparation of Emulgel Formulations
Emulgel formulations were prepared for topical delivery of clobetasol propionate. Briefly, Carbopol® 934 was dispersed in purified water. Then, propylene glycol and Tween® 60 were added into the solution and this mixture was heated to 70°C. On the other hand, cetyl alcohol, stearyl alcohol, Span® 60, liquid and soft paraffins were melted all together and heated to 70°C. Afterwards, these two phases were mixed and triethanolamine solution in water was slowly poured into this emulsion to achieve gel formation through the neutralisation process. Finally, Cremophor® EL was dissolved in ethanol and added to the formulation when the temperature of the emulgel was approximately 30°C. Clobetasol propionate (0.05%) or clobetasol propionate-loaded microspheres including the same amount of drug were added into this o/w type emulgel formulation and mixed homogenously. The emulgel formulations containing pure clobetasol propionate and microspheres were coded as EC and EM, respectively.
In Vitro Drug Release
In vitro drug release studies of the microspheres, emulgel formulations and commercial cream product were carried out using modified Franz diffusion cell during 24 h. Mixture of PBS pH 7.4:ethanol (70:30) was used as receptor medium and sink condition was determined. The receptor phase was kept at a constant temperature of 37°C and stirred by a magnetic stirrer. Spectra/Por 2® dialysis membrane, MWCO: 12-14 kDa (Spectrum Lab.,USA) was used as the diffusion membrane. At appropriate time intervals, 0.5 ml of samples were collected and replaced by an equal volume of fresh receptor medium. The clobetasol propionate content was analysed by HPLC at a wavelength of 242 nm.
Statistical Analysis
All results were statistically analysed using Student'st test to determine the significance between two groups and using one-way ANOVA test for multiple comparison (SPSS-11.5). The data were considered to be significant at p<0.05.
RESULTS AND DISCUSSION
Analytical Validation of HPLC Method
Analytical validation of the HPLC method was performed. Excellent linearity was obtained between concentrations of 0.5 and 25 μg/ml in methanol and in PBS pH 7.4: ethanol (70:30) solutions with r 2 = 0.999. The accuracy, repeatability and intermediate precision of the method were proved, since the variation coefficient values were found to be less than 2%. While LOQ values in methanol and PBS pH 7.4:ethanol (70:30) solutions were found to be 0.46 and 0.41 μg/ml, LOD values were 0.15 and 0.13 μg/ml, respectively.
Encapsulation Efficiency and Particle Size of the Microspheres
The encapsulation efficiencies for all microsphere formulations prepared by o/w emulsion-solvent evaporation technique were found higher than 90% as seen in Table II . Clobetasol propionate is practically insoluble in water; therefore, this substance was preferred partitioning into the dispersed organic phase of the emulsion. The amount of the drug passing into the aqueous phase was very low; thus, high encapsulation efficiencies were obtained.
Particle sizes and size distributions of the microparticles are shown in Table II. The particle size increased with increase in the molecular weight of PLGA for microparticle formulations prepared with different types of PLGA having different molecular weights (p<0.05). Because the molecular weight of the polymer is directly related to the viscosity of the dispersed phase, high molecular weight resulted in a greater viscosity. As the energy level required to disperse the highly viscous solutions is too high, larger droplets formed during the emulsification process and as a result greater microparticles were obtained. Similar findings were reported previously by Sánchez et al. (21) . Unexpectedly, particle diameter of the microparticles prepared with low molecular weight PLGA 50:50 (coded F4) was found to be higher than the other microparticle formulations (coded F1-F3). This was attributed to the tendency of small-size microparticles to aggregation, resulting in the formation of the aggregates. Therefore, the particle size was determined larger than the actual value.
No significant difference was observed between the particle sizes of F3 and F5-coded microspheres prepared by homogenization at 8,000 rpm for 1 and 2 min, respectively (p>0.05). It was concluded that increasing the homogenization time from 1 to 2 min had no significant effect on the particle size of the microspheres.
The effect of the drug/polymer ratio on the particle size of the microparticles was also investigated. The particle size of F3-coded microspheres prepared at 1:10 drug/polymer ratio was found as 14.61 μm, whereas the microspheres prepared at 1:5 ratio was 8.54 μm in F8-coded formulation. It was evident that the size of the microspheres increased significantly with increasing PLGA concentration, because of the higher viscosity of the internal organic phase. These results are in accordance with the findings of other researchers (22) (23) (24) .
The particle size of the microspheres prepared with 1:10 drug/polymer ratio at 9,500 rpm (F6) were significantly lower than the microspheres prepared at 8,000 rpm (F3) (p<0.05). Similar results were obtained for the microsphere formulations prepared with 1:5 drug/polymer ratio at two different homogenization speeds. The results of the particle size analysis showed that mean diameter of the particles significantly decreased when the homogenization rate was increased from 8,000 rpm to 9,500 rpm. This situation was explained by the fact that energy level enabled the maximum dispersion of the organic phase and smaller droplets were obtained at high homogenization speeds. Similar results were previously reported (21, 25) .
PVA concentration in the external water phase is well known to influence the particle size of microspheres (26) . Since the presence of PVA in the external phase stabilises emulsion droplets against coalescence, increasing the PVA concentration usually leads to a decrease in the size of microspheres (27, 28) . However, we did not find any linear relationship between the PVA concentration and particle size.
Morphology of the Microspheres
Scanning electron micrographs showed that all the microparticles were spherical shape and no drug crystals were observed on the surface of the microspheres as seen in Fig. 1 . It was evident that clobetasol propionate was completely encapsulated in the polymer matrix and unencapsulated drug was not attached to the surface of the microparticles.
F3-coded microspheres prepared with 1:10 drug/polymer ratio had very smooth and non-porous surfaces, whereas the surface of the F8-coded microspheres prepared at 1:5 drug/polymer ratio was highly porous. These results suggested that porosity of the microspheres decreased when the polymer concentration in the organic phase was increased. Schlicher et al. (29) and Arıca et al. (30) have also reported similar findings for desferrioxamine and bromocryptine mesylate-loaded microspheres, respectively. It is considered that the highly porous surface of F8-coded microspheres might have occured because of the high solvent evaporation rate which is a result of the decreasing viscosity of the organic phase. It has been previously indicated that the surface of the microparticle loaded with fentanyl is generally smooth when the polymer precipitates slowly, due to slow removal of the organic solvent (31) .
The surface morphology of the microspheres prepared with different PVA ratios were also evaluated. It was determined that F8-and F11-coded microspheres had highly porous surfaces; however F9-, F10-and F12-coded microparticles showed dimples but non-porous surface property. 
Topical Delivery of Clobetasol Propionate
Differential Scanning Calorimetry DSC analysis was carried out to evaluate the thermal behaviour of the drug, polymer and microspheres. DSC thermograms obtained for pure drug, polymer, drug-loaded and blank microspheres were given in Fig. 2 . The endothermic peak of PLGA at 52.77°C was attributed to the glass transition temperature (T g ) of the polymer. On the other hand, the pure clobetasol propionate showed a sharp endothermic peak of melting at about 204.12°C, but no related peak was observed for drug-loaded microsphere formulations. These results suggest that clobetasol propionate was totally entrapped in the polymer and the drug was in an amorphous state in the microspheres. These results are similar to that mentioned previously by some researchers (24, 32) .
Powder X-ray Diffractometry
As shown in Fig. 3 , the X-ray diffraction peaks of clobetasol propionate were consistent with the characteristic pattern of crystalline substances. However, these peaks disappared in the diffractogram of drug-loaded microparticles. On the other hand, the diffraction patterns of the blank microspheres were similar to that of the amorphous polymers. These findings were in agreement with the results of DSC analysis and indicated that clobetasol propionate was dissolved in the polymer matrix and the drug was not in the crystalline form in the microparticle formulations (33, 34) .
In Vitro Drug Release from Microspheres
There was no initial burst effect observed for any of the microsphere formulations. In vitro release profiles of clobetasol propionate from microspheres prepared with different types of PLGA were indicated in Fig. 4 . The drug release from F3-coded microspheres prepared with PLGA 50:50 (Mw, 40,000-75,000) was higher than that of the microparticles containing other types of PLGA. The released amount of the drug reached 52.09% at the end of 24 h. It was explained by the fact that the polymer used to prepare F3-coded microspheres had lower molecular weight and higher glycolic acid content than the other PLGA types. It is well known that the molecular weight of the polymer significantly affects the release rate of the drug. The extent of the drug release also depends on the glycolic acid content of the polymer. Since glycolic acid units are more hydrophilic than lactic acid units, the increase in the glycolic acid ratio leads to an increase in the water uptake into the polymer and an acceleration in the hydrolytic cleavage. Barakat and Radwan (35) also indicated that carbamazepine release was faster from the microspheres prepared with a polymer that had a higher glycolic acid content and lower molecular weight. On the other hand, the drug release from F2-coded microspheres prepared with PLGA 75:25 was slower than F1-coded microspheres containing PLGA 85:15 (p < 0.05), although the glycolic acid content of F2-coded microspheres was higher. This finding was related to the higher molecular weight of PLGA 75:25 (Mw, 66,000-107,000) compared to PLGA 85:15 (Mw, 50,000-75,000). Some researchers also declared that drug release decreased when the molecular weight of the polymer increased (36, 37) . However, the release rate of clobetasol propionate from the F4-coded microspheres prepared with the PLGA 50:50 (Mw, 5,000-15,000) was significantly and unexpectedly lower than from the other formulations. It was considered that the particle size increased due to the formation of the aggregates between the small size microspheres, and this increase led to a decrease in the release rate. Using Fig. 5 , the effect of homogenization time on the drug release was evaluated for F3-and F5-coded microspheres. There is no significant difference were observed (p>0.05) between them as in the particle size results.
The release of clobetasol propionate from PLGA microspheres prepared at two different homogenization speeds are shown in Fig. 6 . The drug release from the F6-coded microspheres prepared at 9,500 rpm was higher than the F3-coded formulation. This finding was attributed to the smaller particle size of the F6-coded formulation. While decrease in the size of microspheres, an increase in drug release was obtained. This kind of relationship between the particle size and drug release was also reported in other articles previously (38, 39) . Klose et al. (40) also explained that the relative lidocaine release rate decreased with increasing the dimension of the PLGA microparticles. Unexpectedly, the amount of the drug released from the F7-coded microspheres prepared at 9,500 rpm was lower than the F8-coded microparticles. It was concluded that, the release of the drug decreased because of the possible aggregation between the small size microspheres of the F7-coded formulation (4.57 μm). Furthermore, F8-coded microspheres were determined to have a highly porous surface characteristic as seen in Fig. 1 . The porosity of the microspheres play an important role in the drug release characteristics and release rates generally increase as a result of higher porosity of the microparticles (41) .
The effect of the drug/polymer ratio on the release profiles of clobetasol propionate from PLGA microspheres was also evaluated (Fig. 6) . The drug release from the F8-coded formulation prepared at 1:5 drug/polymer ratio was significantly faster than the F3-coded formulation prepared at 1:10 drug/polymer ratio (p < 0.05). This results can be explained by the particle size and surface morphology characteristics of the formulations which were prepared at different drug/polymer ratios. As it can be seen in Fig. 1 , the F3-coded microspheres have a smooth and non-porous surface while the F8-coded microspheres possess an extremely porous surface. Moreover, the particle size of the F8-coded microspheres (8.54 μm) was smaller than the F3-coded formulation (14.61 μm) (p<0.05). In this respect, the smaller size and porous surface of the F8-coded microspheres led to increase in the release rate.
In vitro drug release profiles from microspheres containing different concentrations of PVA are shown in Fig. 7 . The highest drug releases were obtained for the PVA concentrations of 0.5% (F8) and 0.2% (F11). The amount of clobetasol propionate released at the end of the 24 h was found to be 64.43% and 59.80% for F8-and F11-coded formulations, respectively. On the other hand, no significant difference was determined between the release profiles of F9-, F10-and F12-coded microspheres (p>0.05). These results can be explained by the fact that, F8-and F11-coded microspheres had highly porous surfaces whereas the surface of the other microparticles were dimples but nonporous as seen in Fig. 1 .
Two possible mechanisms could explain the drug release from PLGA microspheres. These are dissolution/diffusion from the spherical matrices and the matrix erosion resulting from degradation/dissolution of PLGA polymers. Since the bulk degradation of PLGA is trivial during the initial period and the drug release time in this study, 24 h is considerably shorter than the degradation lifetime of PLGA. The polymer backbone may maintain its integrity without significant degradation/dissolution (42) . Therefore, clobetasol propionate release from the PLGA microspheres may be explained by the diffusion mechanism.
Studies on the Emulgel Formulations
Creams and ointments are most widely used conventional semi-solid dosage forms for the topical treatment of psoriasis depending on the size and location of the psoriatic lesions. In the study, formulation of an alternative dosage form for topical treatment of psoriasis was investigated. For this purpose, emulgel formulations were evaluated because they are more easily spreadable vehicles for the wide surfaces like psoriatic lesions compared to cream or ointment formulations. The permeability of the drugs can be also increased by using emulgels.
The pH value of the emulgel formulation prepared was determined and it was found to be 6.53±0.01 (n=3). It was concluded that the pH value of this formulation is reasonable for dermal application.
The release profiles of the emulgel formulations containing pure clobetasol propionate (EC), the F8-coded microspheres (EM) and also the commercial clobetasol propionate cream were compared in Fig. 8 . While the amount of clobetasol propionate released from commercial product after 24 h was found to be 27.91 μg/cm 2 (7.12%), the released amount from emulgel formulations at the end of 24 h were 44.97 μg/cm 2 (12.21%) and 34.37 μg/cm 2 (9.86%) for EC and EM, respectively. In other words, the released amount of drug decreased in the order of EC>EM>commercial cream.
For the EM formulation, firstly the drug releases from the microparticles to the emulgel base, and then diffuses from the semi solid vehicle. However, only the diffusion of clobetasol propionate from emulgel base to the receptor medium occurs for the EC formulation. The different thermodynamic activities between formulations could also have accounted for these results.
The results of the in vitro release studies revealed that the release of clobetasol propionate was significantly increased with both of the emulgel formulations developed, compared to the commercial product. It was also observed that, the encapsulation of clobetasol propionate in the PLGA microspheres significantly delayed the drug release from the emulgel formulation compared to the emulgel containing pure drug. It is expected that, the topical and systemic side effects of the drug may be reduced and the efficiency of treatment may be increased as a result of the prolonged release of clobetasol propionate from the emulgel containing PLGA microparticles. In vitro antipsoriatic efficiency of the microparticulate based emulgel formulation will be evaluated with further cell culture studies that will be performed on the human epidermal keratinocyte cell line.
CONCLUSIONS
Clobetasol propionate-loaded PLGA microspheres were successfully prepared using oil-in-water emulsionsolvent evaporation technique. The F8-coded formulation prepared with PLGA 50:50 (Mw, 40,000-75,000) at 1:5 drug/polymer ratio and homogenised at 8,000 rpm for 1 min was selected as the best formulation. F8-coded microparticles were formulated in an emulgel base and a topical delivery system was developed for psoriasis treatment. In order to evaluate the in vitro antipsoriatic efficiency of the emulgel formulation containing PLGA microspheres, further cell culture studies will be carried out on the human epidermal keratinocyte cell line.
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